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ABSTRACT

Background: Accurate differentiation of hair loss etiologies and objective quantification of hair
characteristics are critical for optimizing therapeutic outcomes in hair restoration. Artificial intelligence (Al)
has emerged as a powerful tool to eliminate clinician subjectivity in trichoscopic assessments.

Methods: A retrospective registry analysis was conducted on 631 consecutive patients who underwent
comprehensive digital scalp analysis via the FotoFinder TrichoScale Al platform at Vera Clinic. Automated
software algorithms calculated hair density (n/cm?), average shaft diameter (um), anagen-to-telogen ratios,
and miniaturization percentages (defined as the proportion of hair shafts with a diameter < 40 pm). Male and
female pattern hair loss were categorized using the Norwood-Hamilton (NW) and Ludwig (L) scales,
respectively.

Results: Of the 631 patients evaluated, 71.3% (n=450) were male and 28.7% (n=181) were female, with the
highest concentration in the 30—49 age bracket (49.4%). Androgenetic alopecia (AGA) was the predominant
diagnosis in males (87.1%), while female pattern hair loss (FPHL) led in females (68.5%). Telogen effluvium
exhibited a significantly higher prevalence in female cohorts (p < 0.01). TrichoScale Al successfully detected
subclinical hair thinning before visible macro-alopecia occurred. In early-stage AGA (NW II-l11), the regional
miniaturization rate was 24.2% + 3.1%, escalating sharply to 76.1% + 5.4% in advanced stages (NW VI-VII).
Ludwig Stage | FPHL exhibited a distinct signature of a high miniaturization index (19.5%) despite relatively
preserved absolute hair counts, highlighting a therapeutic window for non-surgical biostimulation.

Conclusion: Al-assisted digital trichoscopy provides an unprecedented, highly reproducible mathematical
matrix for hair loss diagnostics. By mapping the exact threshold where true follicular miniaturization outpaces
active shedding, the FotoFinder TrichoScale Al system bridges the clinical gap between early diagnosis,
personalized medical preservation, and high-precision surgical graft planning.

Introduction

Hair loss (alopecia) is a multifactorial disorder with profound psychosocial implications, driven by an intricate
interplay of genetic predisposition, endocrine fluctuations, environmental micro-elements, and localized
microvascular changes. Effective clinical management—spanning from topical and systemic pharmacotherapy to
regenerative medicine and advanced micro-grafting surgical techniques (such as Sapphire FUE and Direct Hair
Implantation - DHI)—hinges entirely upon early, highly accurate diagnostic differentiation.

For decades, the standard diagnostic paradigm relied on subjective visual scoring systems, manual hair pull tests,
or invasive punch biopsies. These methodologies present significant inter-observer variability and lack the precision
required to track microscopic treatment responses over time. The defining pathophysiological hallmark of patterned
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hair loss is follicular miniaturization—the progressive, stepwise transformation of thick terminal hair follicles into fine,
hypopigmented vellus-like hairs driven by androgen-mediated follicular alterations. Detecting this phenomenon
before it manifests as macroscopic baldness is vital for non-surgical follicular rescue.

In recent years, the integration of artificial intelligence (Al) and deep learning algorithms with digital trichoscopy has
revolutionized non-invasive scalp analysis. The FotoFinder TrichoScale Al system utilizes advanced computerized
vision to measure hair density, follicular unit distribution, shaft caliber variations, and growth phases instantly and
automatically.

Operating under the auspices of the Vera Academy and in close coordination with Vera Clinic, this study evaluates
a institutional database comprising 631 patients. By documenting the exact patterns, age/sex-stratified prevalences,
and objective micro-metric miniaturization indices of this cohort, we present a robust data-driven framework that
refines the clinical boundary between active hair shedding and permanent hair thinning.

Materials and Methods

Patient Selection and Clinical Framework

This retrospective, observational cohort registry study was conducted in accordance with the ethical principles of
the Declaration of Helsinki. Medical and trichoscopic records of 631 patients who presented with complaints of hair
loss or scalp thinning to the Vera Clinic between January 2024 and May 2026 were extracted and evaluated.
Inclusion criteria required a completed standardized digital trichoscopy profile utilizing the FotoFinder TrichoScale Al
system and a comprehensive clinical intake history. Individuals with active cicatricial (scarring) alopecia, ongoing
chemotherapy, or a history of hair restoration surgery within the past 24 months were excluded from the analysis.

Al-Driven Trichoscopic Assessment Protocol

Unshaven digital trichoscopy was performed across standardized scalp landmarks: the frontal zone (1 cm posterior
to the hairline), the vertex, and the occipital area (designated as the stable donor zone). For patients undergoing
advanced follicular phase analysis, a small 1 cm? representative area was clipped to a length of 1 mm.

The FotoFinder TrichoScale Al system (FotoFinder Systems GmbH, Bad Birnbach, Germany) was used to capture
high-resolution micro-photographs at 20x and 50x magnifications. The proprietary Al algorithm instantly performed
automated segmentation to quantify the following objective parameters:

1. Total Hair Density (n/cm?): Total count of visible shafts per square centimeter.

2. Mean Hair Thickness (um): Automated cross-sectional diameter calculation of individual shafts.

3. Miniaturization Index (%): The percentage of hairs with a shaft diameter measuring less than 40 pm
(identifying the transition from terminal to sub-terminal/vellus quality).

4. TrichoGramer Phase Evaluation: Automatic calculation of the percentage of hairs in the Anagen (growth) vs.
Telogen (resting/shedding) phase based on follicular root structures and growth rate over a 48-hour window
when applicable.
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< 30% Miniaturization Index | > 50% Miniaturization Index
--> Pharmacotherapy/Regenerative | --> Surgical Hair Transplant

Clinical Classification and Staging

Clinical diagnoses were cross-verified by expert trichologists alongside the Al datasets. Male Pattern Hair Loss /
Androgenetic Alopecia (AGA) was staged using the Norwood-Hamilton classification (NW 1l to VII). Female Pattern
Hair Loss (FPHL) was staged via the Ludwig scale (L | to Ill). Other presentations, including Telogen Effluvium (TE)
and Alopecia Areata (AA), were diagnosed using combined clinical, history-based, and trichoscopic exclusion
features.

Results

Demographics and Cohort Stratification

The comprehensive registry evaluated a total of 631 patients. The cohort displayed a clear male predominance,
with 450 male participants (71.3%) and 181 female participants (28.7%). The peak age of presentation fell within
the adult cohort aged 30—49 years (n=312, 49.4%), followed closely by young adults aged 18-29 years (n=193,
30.6%). The elderly demographic (= 50 years) represented 17.8% (n=112) of the patient base, while pediatric and
adolescent presentations (<18 years) comprised 2.2% (n=14) of the total sample.

Table 1: Detailed Demographics and Age/Sex Distribution ($N=6319$)

G Male Female Total Cohort Global Prevalence
9 P ($n=4508) ($n=181$) ($N=631$) (%)
Pediatric / Adolescent
9 5 14 2.2%
(<18)
Young Adult (18-29) 162 31 193 30.6%
Adult (30-49) 224 88 312 49.4%
Elderly (= 50) 55 57 112 17.8%

Prevalance and Algorithmic Pattern Diagnoses

The integrated diagnostics revealed that Androgenetic Alopecia (AGA) was the absolute leading cause of hair loss
across the registry, accounting for 62.1% (n=392) of all patients. When isolated by sex, AGA was diagnosed in
87.1% of all male subjects. Female Pattern Hair Loss (FPHL) was detected in 124 patients, representing 19.7% of
the total cohort and 68.5% of the female subgroup.

Telogen Effluvium (TE), both acute and chronic variants, was documented in 78 patients (12.4% overall). TE was
heavily skewed toward female patients, presenting 3.4 times more frequently in women than in men (p < 0.01).
Alopecia Areata, traction alopecia, and miscellaneous non-scarring configurations formed the remainder of the
diagnoses (n=37, 5.8%).
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Within the young adult male group (18—29 years), a receding hairline was the primary driving complaint in 84% of
cases, often exhibiting advanced micro-metric changes before macroscopic vertex thinning became evident.
Conversely, in the pediatric/adolescent subset (n=14), classical pattern baldness was absent; the etiologies were
limited to Alopecia Areata (n=9) and psychogenic Trichotillomania (n=5).

Automated Miniaturization Indices and Density Mapping

The core diagnostic value of the FotoFinder TrichoScale Al lay in its ability to mathematically break down the clinical
phenomenon of hair loss vs. hair thinning. In a significant subset of patients presenting with active shedding (32%),
the Al software demonstrated that the absolute hair count per square centimeter was within normal biological
parameters, but the hair thickness was markedly diminished due to severe miniaturization.

Table 2: Al-Calculated Follicular Metrics Across Norwood-Hamilton Staging (Males, $n=392%)

Patient Count  Mean Density ($n/ Average Hair Caliber ($  Miniaturization
Norwood Stage
($n$%) ext{cm}*2$) \mu ext{m}$) Index (%)
Stage Il (Early) 154 190 = 20 68.4 +4.2 24.2% = 3.1%
Iv-v
Stage 168 130 + 15 51.2+5.1 48.7% + 4.9%
(Moderate)
VI-VII
Stage 70 74+ 12 34.1+38 76.1% + 5.4%
(Advanced)

Note: All inter-group differences for Density and Miniaturization Index reached extreme statistical significance (p <
0.001, ANOVA,).

For female pattern hair loss, the system mapped diffuse central thinning over the mid-scalp while preserving the
frontal hairline, matching the Ludwig Scale parameters:

* Ludwig Stage | (Early Thinning): n=68. Mean Density: 210 + 18 hairs/cm?; Miniaturization Index: 219.5% *
2.2%.

* Ludwig Stage lI-lll (Moderate to Severe): n=56. Mean Density: 115 + 14 hairs/cm?; Miniaturization Index: 41.3%
* 3.8%.

Ludwig Stage | patients exhibited a critical signature: while visual inspection often yielded ambiguous results, the Al
algorithm flagged a definitive shift toward a high miniaturization index (>19%) concentrated exclusively along the
mid-sagittal line compared to the patient's own stable occipital zone, confirming FPHL long before visible wide-
parting alopecia occurred.

Discussion

The clinical outputs extracted from this large-scale registry of 631 patients underscore a critical diagnostic axiom:
hair thinning (miniaturization) is the true therapeutic battleground, preceding permanent hair loss (follicular drop-
out). By utilizing the FotoFinder TrichoScale Al platform, Vera Academy, in close partnership with Vera Clinic, has
established a reproducible, quantitative protocol that elevates hair restoration to an exact, data-driven science.

Our findings regarding demographic distribution confirm that androgen-dependent alopecias dominate the clinical
landscape. However, the automated detection of a 24.2% miniaturization index in early Norwood stages provides
crucial clinical actionable intelligence. When the miniaturization index remains below the 30% threshold, the
follicular unit is structurally intact but dynamically compromised. At this stage, introducing medical and regenerative
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therapies—such as Finasteride, topical/oral Minoxidil, low-level laser therapy (LLLT), or platelet-rich plasma (PRP)
injections—can reverse the miniaturization process, thickening the hair shaft diameter from a vellus-like <40 pm
back to a robust terminal caliber >60 pm.

Conversely, when the Al algorithm maps an advanced miniaturization index exceeding 50% alongside an absolute
density drop below 130 hairs/cm? (as seen in Norwood IV=VII and Ludwig II-Ill), it signals advanced follicular
fibrosis and irreversible capillary drop-out. For these cohorts, the primary therapeutic vector shifts to surgical
intervention via Sapphire FUE or Direct Hair Implantation (DHI).

Furthermore, the TrichoScale Al system provides safety optimization during surgical planning by evaluating the
occipital donor zone. If the Al software flags an abnormally high miniaturization index in the donor area (>25%), it
alerts the surgical team to a potential diagnosis of Diffuse Unpatterned Alopecia (DUPA). This condition poses a
high risk for graft failure post-transplantation, protecting patients from inappropriate surgical indications.

Conclusion

This registry study demonstrates that Al-driven digital trichoscopy eliminates clinical subjectivity, providing an
objective, mathematical matrix for modern hair loss diagnostics. The FotoFinder TrichoScale Al system enables
precise tracking of follicular miniaturization and density changes across all age groups and both sexes. By
identifying subclinical hair thinning before permanent follicular loss occurs, this technology supports early, targeted
intervention. It distinguishes between patients suited for medical or regenerative therapies and those who require
precise surgical hair restoration, optimizing long-term outcomes in hair health management.
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